Abstract. Gall bladders from 80 mature cattle infested with liver flukes were shrunken; their walls were thickened; and mucosa was raised into rugose folds, nodules and papillary projections. All contained thick bile and mature liver flukes, predominantly Fuscioh giganticu and to a lesser extent Fasciola hepatica. There was an adenomatous proliferation of the lining epithelium as well as of submucosal glands forming numerous tubuloalveolar structures and cysts lined with a uniform layer of columnar epithelium. Fibrous stroma was more than normal, and there was a mild to heavy infiltration by inflammatory cells. Some bladders had many enterochromaffin cells in the epithelium lining the glandular structures. Mitotic figures were rare, and there was no evidence of malignancy. The condition is inflammatory and hyperplastic and is believed to be common in cattle infested with liver fluke. The clinical effects of this condition have not been studied.
Lesions in the gall bladder in domestic animals have been reported infrequently, probably because insufficient attention is given to this organ during postmortem examination and at the time of meat inspection [l] . ASDRUBALI and MUGHETTI [2] have reported histological and histochemical changes in the gall bladders from 15 cattle with fascioliasis. Cystic mucinous hypertrophy of the mucosa of gall bladder has been established as an entity in the dog [8] , and neoplastic growths of the gall bladder have been reported in various animal species [l, 5, 111. These growths were generally benign, polypoid, and adenomatous, but rarely adenocarcinomas with metastasis to liver and regional lymph nodes occurred. ANDERSON et al. [l] believed that papillary cystadenoma of the bovine gall bladder represented a distinct pathological entity that occurred with some regularity.
From 1972 to 1974 the author had the opportunity to visit abattoirs in Baghdad (Iraq) and Shiraz (southern Iran). Heavy liver fluke infestations predominantly of Fasciola gigantica were seen in cattle at these two places. In southwestern Iran, 91.406 buffaloes and 49.2O; cattle were reported to be infested with either F. gigantica or F. hepatica, or both [lo] . Gall bladders and other tissue specimens were collected from slaughtered animals at these places for the gross and microscopic studies reported here.
Materials and Methods
Affected gall bladders were collected from 80 cattle (30 from Baghdad and 50 from Shiraz). The animals were adults, and both sexes were almost equally represented. The gall bladders were generally shrunken and smaller than normal, and their walls were thickened. They were examined first by palpation and incision. The livers were tough and fibrous. Mature liver flukes were invariably present in the bile ducts as well as in the gall bladders. In addition 20 apparently normal bovine gall bladders were examined as controls. Pieces from the gall bladder walls were fixed in 10% formol-saline and embedded in paraffin. Sections were stained with hematoxylin and eosin (HE), periodic acid-Schiffs reagent (PAS), toluidine blue, and Gomori's chromaffin stain 
Results

Gross Findings
Most of the affected gall bladders were contracted, and their walls were from 3.5 to 6.0 mm thick. Normally the wall is less than 2.0 mm. The lesions were studied at different stages of development. In the early stages mucosa in the body of the gall bladder was raised in the form of thick rugose folds ( fig. 1 ). In the later stages nodules 0.5-2.0 cm in diameter with smooth surfaces were seen. The nodules were prominent in the entire mucosa of gall bladder but were concentrated in the fundus. Polypoid growths and branching papillary projections extending up to 4.5 cm in height were the most advanced lesions. These growths were also present mostly in the fundus ( fig. 2 ). Diverticulae and cysts up to 1.5 cm in diameter were frequent in the walls. The diverticulae contained mature flukes, thick bile, and black, gritty, irregular granules and thin slates. The cysts contained a green, slimy secretion. In some cases the epithelial surface of the gall bladder was encrusted with opaque, yellow or black gritty material ( fig. 3) . The bile was thick and dark green-brown. Mature liver flukes were suspended in the bile, firmly attached to the wall or with their oral suckers buried between the nodules and polypoid growths ( fig. 3 ).
Histopathology
The earliest changes were seen in some of the gall bladders considered to be normal at gross examination. There was a partial or complete loss of lin-ing epithelium, and the denuded lamina propria was thickened and fibrotic. Focal or diffuse infiltration by lymphocytes, plasma cells, macrophages, eosinophils, and some mast cells occurred in the stroma. Focal areas of calcification on or near the surface were frequent. The submucosal glands were normal or slightly hyperplastic and appeared as small groups or solitary alveoli lined by a single layer of darkly stained low columnar cells.
In all bladders with gross lesions, the mucosa was increased in thickness by mild, moderate or extensive adenomatous proliferation of lining epithelium and deep submucosal glands. There were numerous round or irregular alveoli, tubules and cystic structures (fig. 4) . The alveolar structures were spread diffusely in the fibrous stroma or formed closely packed masses. The hyperplastic adenomatous growth extended downwards encroaching upon the muscular coat and upwards in the lumen, forming nodules and
The proliferating glandular structures were lined with a uniform layer of columnar epithelial cells. Their nuclei were oval or elongated and near the base of cells. The apical part of cytoplasm in these cells stained faintly with HE and deep pink with PAS ( fig. 5) . Many of the alveoli and cystic structures contained PAS-positive fuzzy material. Enterochromaffin cells with large round nuclei and small round granules in the cytoplasm were seen in the glandular structures. The granules stained bright pink with HE and Gomori's chromaffin stain and rose red with PAS. Most of these cells were near the base of the lining epithelium, but some were in the surrounding fibrous stroma. The number of enterochromaffin cells varied from a few to many in different cases, and eosinophils were usually present. Anaplastic changes such as pleomorphism, increased mitoses, loss of polarity, and breaking of cells through the basement membrane were not seen in any case.
The fibrous stroma was considerably increased. Individual alveolar structures and glandular masses were surrounded by bundles of mature fibrous tissue. Polypoid growths and papillary projections were seen as proliferating glandular masses covered with thick collagenized fibrous tissue usually with superficial necrosis. Light, moderate, or heavy infiltration by lymphocytes and other inflammatory cells was consistently present in the fibrous stroma. These cells were scattered diffusely or formed large focal masses.
The liver sections in most of these cases had thick fibrous bands in the interlobular areas and scarred or healing tracks left from the earlier migratory phase of fascioliasis. Some intrahepatic bile ducts also had cholangitis and adenomatous hyperplasia of the lining epithelium ( fig. 6 ). 
POlYPS.
Discussion
The infiltration of many mononuclear cells and proliferation of fibrous tissue in the walls of gall bladders indicate the chronic inflammatory nature of this condition. The persistent finding of liver flukes in the bile ducts and gall bladders, sometimes firmly attached or buried deeply in the wall, suggests their probable causal role. ASDRUBALI and MUGHErrI [2] reported subacute or chronic inflammation, hyperplasia of tubuloalveolar glands, and increase in the number of enterochromaffin cells in the walls of gall bladders from 15 cattle with fascioliasis. Our observations agree with their findings.
Cholangitis, adenomatous hyperplasia, and fibrosis of bile ducts, as seen in some of our cases, are important features of chronic fascioliasis and also occur in some other biliary parasitic diseases like clonorchiasis, opisthorchiasis and dicrocoeliasis [4, 91. The inflammatory and proliferative changes in the bovine gall bladder reported here appear to be the same reactions but on a larger scale than those that occur in the bile ducts of man and animals with different parasitic infestations. The mechanism by which parasites induce this reaction is not known. Hou [6] , while discussing the cause of biliary adenomatous tissue in Clonorchis sinensis infestation in man, proposed the following three possibilities: (1) Constant desquamation and resultant regeneration of the bile duct epithelium owing to mechanical irritation by the parasite causes epithelial hyperplasia followed by adenomatosis. (2) Chemical irritation by some unknown metabolic products of the living or degradation products of the dead parasite. (3) Functional requirements for excessive mucin production caused by irritation stimulates secreting cells to proliferate, and continuous hyperplasia eventually results in formation of adenomatous tissue. DAWES [4] described the different stages of bile duct hyperplasia in experimental fascioliasis in mice. He has attributed the earliest hyperplastic changes to chemical 'agencies' and the inflammatory process, and has correlated the subsequent intense epithelial adenomatous hyperplasia and fibrosis to the mode of nutrition of the liver fluke. The same mechanisms could be suggested for the adenomatous hyperplasia of gall bladder in bovine fascioliasis.
The distinction between hyperplastic adenomatous cholecystitis and benign cystadenomas of the bovine gall bladder appears to be arbitrary. ANDERSON et al. [I] saw raised rugae, smooth rounded masses, verrucous growths, and papillary projections extending for 2-4 cm in 17 benign cystadenonias of bovine gall bladder. They found the epithelial covering was thrown into branched infoldings extending for a considerable distance into the underlying connective tissue stroma and continuous with the papillary, gland-like tubular alveolar structures. Proliferation of submucosal glands in an adenomatous pattern and focal intramural calcification also occurred. Moderate infiltration by inflammatory cells was usually present. The gross and microscopic descriptions of this entity, as these authors believe, resemble closely the present observations. They also found liver fluke infestation in two of their cases, which was considered an incidental finding.
The early changes of adenomatous cholecystitis are not readily detectable grossly and perhaps for this reason have been overlooked by previous authors. In the later stages, when the condition becomes grossly recognizable, the adenomatous proliferation of the epithelium is very prominent. At this stage the condition does look like a cystadenoma; however, the presence of inflammatory cells and fibrosis cannot be ignored.
The entity described as cystic mucinous hypertrophy of the mucosa of the gall bladder of the dog [8] appears to be different from the adenomatous cholecystitis of cattle reported here. In the former condition major morphologic change is the enlargement and hypersecretion by individual epithelial cells, whereas in the latter condition adenomatous proliferation of epithelium and fibrosis and infiltration by inflammatory cells are the main characteristics. The cause of the entity in dogs is undetermined, but liver flukes apparently cause the condition in cattle.
Adenomatous cholecystitis in cattle has some resemblance to cholecystitis glandularis in man, in which the epithelium lining the gall bladder proliferates to form papillary projections and new glands that may penetrate the entire thickness of the wall [3] . Chronic irritation is said to be the cause.
The finding of this condition in many animals at two distant geographical locations indicates that it occurs frequently in areas of heavy liver fluke infestation. The clinical effects of this condition could not be observed, since the specimens were collected after slaughtering. The shrunken bladder, thickening of the wall, and presence of nodules and polyps must have curtailed its capacity. The viscous nature of bile indicated that there was cholestasis. This could affect digestion and absorption of food by the animal.
